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(£) Integrated membrane oxyger^ator, heat exchanger aridrreservoir.- 



0 A membrane oxygenator [ricludes ;an upper nest- 
ed arrangement of a hard shell vehous reservoir 
(24). a bowHike defoanier (26) within the reservoir 
(24) and a heat exchsmger coil (32) .vertically sup- 
ported within the defoamer (26), and includes a 
membrane oxygenatorfuhit mounted on the bottom 
of the upper an-angement. The oxygenator unit (22) 
includes an inlet chartiber (136) with a tangential 
inlet (40) providing swirling blood flow 'to dislodge air 
^bubbles and centrifuge air to- an upper center region 
^of an inlet chamber (136) where gas ! is exhausted 
©through a vent (138). A bottom blood outlet chamber 
f^(146) of the blood o> 



oxygenator unit (22) has a rela- 



tively thin vertical cross-sectional- area such that 
^priming flow velocity therein discharges all air from 
J^the outlet chamber (146). 
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INTEGRATED MEMBRANE OXYGENAlr:g}=t. HEAT EXCHANGER AND RESERVOIR 



TECHNICAL RELD 

The invention relates to apparatusi for ox- ; 
ygenating blood, and particularly to oxygenators 5 i > . 
employing gas-permeable, liquid^irhp^rrne^ble 
membranes. . - 



. '10 ''^ 



DESCRIPTION OF THE PRIOR ART , ; ; ^ t 

The prior art, as exemplified in U.S Patents No:^ ' 
4,151,088. No. 4,376.095. No. 4.424.T9ff,:erKJ' No. 1^ 
4,451.562, includes a number of biQpd q>tygen£tors; 
employing a gas-permeable membrane thr;bugh / 75 ; 
which oxygen passes from an oxygen^rich*fs4is . 
stream to a bloodstream and through which carfion 
dioxide passes from the blood to the gas s^am. 
The oxygenators and associated pumps ar^Stised^ I/* 
in surgical procedures, such as open-hearJ -^urjgejFy, 
to temporarily replace the nonmal lung^i and =1^^^ ^ • 
functions. Generally, the oxygenator includes a res- 
ervoir, along with a heat exchanger, in the extracor- ^ 
poreal circulating circuit. The reservoir provides for 
fluctuation in the quantity of blood being received 25 
from the patient's body while the heat exchanger is 
used to maintain proper blood temperature and to 
make up for heat loss to the ambient through the 
tubing and other parts of the extracorporeal circuit. 
Several of the prior art oxygenators combine the 30 
reservoir, heat exchanger and membrane gas ex- 
change device into an integral unit so that blood 
flow may proceed successively through the reser- 
voir, heat exchanger and oxygenator section. In 
one type of prior art oxygenator, the reservoir, heat 35 
exchanger and membrane oxygenator sections are 
in a linear vertical arrangement with the reservoir 
on top so that gas bubbles in the blood flow to the 
unit are collected by buoyancy at the top of the 
reservoir where the gas can be removed through a 4o 
vent. However, this linear arrangement results in a 
vertically elongated unit where the blood inlet is at 
an elevation near to the elevation of the patient 
rendering gravity flow of venous blood from the 
patient to the oxygenator less efficient than appara- 45 
tus arrangements having blood inlets at a lower 
elevation. Additionally, the prior art apparatus gen- 
erally requires large priming volumes in order to 
r move ail air from the heat exchanger and mem- 
brane oxygenator sections, and these sections so 
must be maintained full during operation to avoid 
generating and passing gas bubbles back to the 
patient in the oxygenated blood flow; for example, 
air can be trapped beneath heat exchanger coils 
during filling, and if not prevented by priming and 



rhairitaining the coil section full, air bubbles can be 
generated by the trapped air and passed to the 
patient. Anrangements where the various sections 
are' mounted side-by-side, rather than being in a 
vertical an-angement, further complicate the prim- 
ing since such sections tend to fonm traps for air to 
resist air removal during priming. 

The prior art also contains bubbier-type ox- 
ygenators, as exemplified in U.S. Patents Nos. 
4.282.180. 4.297.318, 4,336.224. 4.374,088 and 
4,440,723, wherein oxygen is introduced as bub- 
bles into the blood to oxygenate the blood and 
drive off cartoon dioxide. In these oxygenators, the 
bubbling or foaming mixture must be passed 
through a defoamer, which is generally a porous 
iirethane foam or woven screen structure to filter 
bubbles from the blood. One type of prior art 
bubbling appartus provided for compactness in de- 
sign by employing an outer shell forming the reser- 
voir and containing a similar shaped defoamer 
which in turn had a heat exchanger coil mounted 
within the upper interior portion thereof. The air 
bubbling facility is located at the top to generate a 
blood-air mixture which is passed downward ov r 
the heat exchanger coils to be received within the 
defoamer. After passing through the defoamer, the 
oxygenated blood passes through an outlet in the 
lower portion of the shell for retum to the patient 
The turbulent nature of tf»e bubbling or foaming of 
the blood makes this type of oxygenator more 
stressful on the blood compared to membrane-typ 
oxygenators, such as hollow membrane fiber ox- 
ygenators, where efficient gas exchange occurs 
through the gas permeable membrane. 

Generally defoamers are not utilized in ctosed 
system membrane-type oxygenators since there is 
no bubble mixture or foam which must be re- 
moved, and the addition of a defoamer unit would 
further inaease the overall length of the apparatus. 
Further, the inclusion of a defoamer section can 
require additional priming and blood volumes. 



SUMMARY OF THE INVENTION 

In one aspect, the invention is summarized in a 
blood oxygenator including a nested combination 
with a hard shell reservoir within which is contained 
a defoamer which in turn contains a heat exchang- 
er coil with blood inlet facilities for providing blood 
flow cascading over the heat exchanger coil. A 
membrane oxygenator unit is mounted on the bot- 
tom of the reservoir housing. 
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In- a second aspect of the invention; a mem- 
brane blood oxygenator* unit has a blood inlet fa- 
cility mourited on the upper 'end of a tubular hous- 
ing wherein the irilet facility includes a cylindrical 
inlet chamber with an inlet for directing incoming 
blood tangentially to produce circulaf* flow such that 
gas bubbles are dislodged from edges of 'the inlet 
chamber and are urged by buoyancy 'and centri- 
fugal forces to an upper center region where a vent 
is provided for discharging gas from -the" inlet " 
chamber. Gas permeable and ^ liquid, impemieable 

^ membrane facilities are^mbiirrteid-writhin the tubular 
housing to forni separate blood and gas flow paths 
wherein- the blood flow path cbmnrtunicat^s with the 

■ inlet chamber arid a lower' outlet; ^' ^* 
' • In a third aspect of the' inveritioni -a'thin 'outlet 
chamber, collecting ■blood from outlet ends of'hol- 
low -membrane fibers, has a- vertical :C;r6ss-Section 
area: seized relatively small' so 'asno^maintain a 
bibod flow velbcity-fast' enough to'discharge^all air . 
therefrom-'during priming, but slow: enough to avoid 
blood cell trauma- The hollow membrane , fibers, 
having lumens forming <a blood flow path from the 
upper blood inlet chamber to the- lower thin outlet 

^ chamber, are .mounted at ^respective uppert:and *. 
lower ends' ln upper and lower seals closing :the 
respective upper and lower ends of a tubuiar. hous- 
ing to form a gas exchange chamber .through* which 
the fibers extend. J ^ ' 

An object of the invention; is to integrate a . 
membrane: blood oxygenator, a heat exchanger and 
a hard shell reservoir into one integral* unit. that 
provides high . perfomance levels^ of oxygenation 
and heat exchange, yet has a low, priming volume 
and Is easy to set up and debubble. : . ^ : 

* Another object of the invention is to construct a 
membrane blood, oxygenator which is compact and 
short to save space in an.bperatihg joom and^allow 
placement: of the inlet closer' to the floor for . better 
drainage from the patient"! ; . i . * .z^w/ 

It is a further object of the im/ehtion to 'con- 
struct a membrane blood: oxygenator with reduced 
risk of. generating and ^ passing ygas>bubbles::to a 
patient- - .,. v . ■ .: ^ 

One advantage) of 'the invention is that a.nestedr-^ 
arrangement of a heat -exchange coil inside: a de- 
fbamer which is inside a* molded hard shell reser- 
voir mounted on the top of an oxygenator module 
provides a compact design ^.with low priming ivol- 
ume. Providing, inlet blood flow to cascade oyer the 
heat exchange coil enables operation with low vol- 
ume in the reservoir since bubbles in the incoming 
blood or generated during passage over the heat 
exchanger are removed by the. defoamer. Feeding 
of the blood flow to the upper end of the heat 
exchanger coil provides efficient heat exchange at 
both low and high reservoir levels; at a low level, a 



J, fiim^like, cascading-^ ^ the heat exchanger 

coils provides full heat exchange, and at higher 
levels, the heater coil is at least partially immersed 
' to provide the; same efficienti heat exchange. 
5 ' Another; advantage dt the invention is provided 
by an inlet , chamber to the membrane oxygenator 
i unit wherein bloodtflow is introduced, tangentially to 
provide for circular flow. Jhe circular flow within the 
inlet- chamber dislodges any .air ? bubbles; and the 
70^ • buoyancy,- and : centrifugal forces;.. on the bubbles 
■tiehd to; drive;4hese bubbles- to. the upper center 
. portion of the.; chatmbepi where air is withdrawn 
•Jii^throligh la" Vent Further, the ventiCan remove air 

- which iis ^pumped into^the inlet chamber should the 
T5t reservoir run. dry during :pumping to -.prevent injec- 
tion of air in a patient . ' L - ^ 

• Still- another advantage of the invention, results 
jf cfrom^the provision of a narrow or thinroutlet cham- 
i'' ber with at small , vertical crossrsection so as to 
20' generate) rapid ;bloodrfiow therethrough sufficient to 
remove.' air .while > avoiding blood* cell .trauma,; Fur- 
. ther, this is, achieved with - a generally downward 
: blood -flow which, in prior art designs, was unable 
to remove :air from large outlet chambers. 
25;-! : mother .objects, advantages and features of the 
,r invention' wilt be .apparent from the following de- 

- ■ scription of the prefenred embodiment taken in con- 
v: Junction with the accompanying drawings wherein: 
*'*•".* .■ 0 

30 • * / K ... - ■ I • . ■= • 

BRIEF DESCRIPTION OF THE-DRAWINGS . 

y M Rg.' 1 is a sectional elevation^ view of an 
^-integrated membrane oxygenator, heat :.exchang r 
35.. '.and; reservoir constructed in, accordance with the 
invention. .r.-M' ^ .= ^ . ^ 

■^'^ :Fig:. 2 is a top view of the integrated unit, of 
.-Rigi^t,- • - : o- .J"^ '' 

': -^fc: Rg.: 3-.is an elevation view., taken , ^from the 
40ef;lleft'.side;s0fja broken away, middle. portion of the 
: " oxygenation unit :of;Fig. 1.,; : . - 

r. ;o /'v Rg.. 4v'is ia bottom view pf.,the oxygenation 
-:iunitof.Rg. v ' :^ 

.•: ; .Fig. Sj is a; schematic . Illustratipnr of a typical 
45- . an^ngement . employing the membrane oxygenation 
^.^.unitofFig. 1J , r 

/^Rgu 6 jsran .elevational section view of a 
modified , membrane section .suitable for employ- 
ment in the unit ofRg. 
50 V Rg.n7 is an elevational section view of a 
modified' heat exchanger, defoamer and hard shell 
reser/oir arrangement which may be substituted in 
the unit pf ng;'1. . - i - . . 

• Fig. .8 is a cross-section view of a brpken- 
55 away .portion of a defoam r -assembly in the ar- 
rangement of Rg. 7. : » . 

Rg. 9 is an exploded assembly view of the 
defoamer assembly of the arrangement of Rg. 7. 
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DESCRIPTION OF THE . PREFERRED : EMBODI- 
MENTS ^ : r^LV t:- ' 
. ' : .^^ ^ -lo^j '*e: ^ 
As shown in;Rg/1. one embodiment of a blood 
oxygenator in .accordance .with the invention in- - 
ciudes an' upper, unit indicated generally at 20 
mounted on a lower unit indicated generally at, 22. 
The upper.uniti20 includes a nested arrangement 
of an. outers hard shell reservoir or housing 24, a 

'rdefoamer indicated generally at 26. and a vertical^" 
heat exchanger coi! : indicated generally . at 28. A 
blood inlet facility indicated , generally !?at , 30 is 
mounted on top of the upper unit' 2O3fon:dir0Gting 
incoming blood flow to the upper, convolution 32 of 
the heat .exchanger coil 28; The :lower-:unit-:22;is a,, 
membrane-type oxygenation unit j r. lo 

In a typical employment of the blood^oxygena- 
tor as shown in Rgr S; venous blood frorn>a^patient 
Is passed to the inlet facility 30, while supplied by 
a^ conventional water temperature controh 3,4 is;, 
passed through the heat^exchanger coil to provide 
for warming of the - ineohning blood.' After passing 
through the defoamer, the blood -is withdrawn from 
the reservoir 24 at outlet 36 byka:.conventional 
pump 38 which then applies the blood to ah inlet ; 
40 of tiie lower oxygenator ^unit 22; Within the- unit 
22 the blood passes' through, a bibod flow 'path 
dertermined by a gas-permeable and Jiquid-imper- 
meable membrane. Oxygen-rich gas from a con- 
ventional source is applied through inlet 42 to the 
gasjiow path'.defined by the^niemferane^to reox- 
ygenate the blood. The excess oxygen together 
with carbon dioxide' passing through the"membrane 
from the blood is' exhausted ttirough gas oatibt 44. 
The recixygenated blood is then fed through outlet 
46 from unit 22 back to the patient ^"-^ ""^-'^l 

Refemng back to Figl-I, the reservoir 24 in- 
cludes a moulded thermoplastic. bowl-shaped"con- 
tainer'poilion 50 and^ a cover torffied^ by molded 
thermoplastic parts^^52, 54;-56.^^58'and'6G;i::rrhe 
parts 52, 54, 56, 58 and^'60:'are<secured together 

^ lyy conventional means dudi as^by^^being induction 
thermally bonded together utilizing a "comfnerica! 
•iron-containing bonding ^ag^nt^ Aftern^ve bonding 
techniques such as^-' soVerttr-bondingpsadhesivev 
bonding, RF bonding, ultrasonic bdncynigixvibration 
bonding,- etc:, may be used. This part5"-52, 54, 56 
and 58 have mating peripheral tongue^ and" groove 
arrangements formed thereon- to wihahce strength 
and sealing of the fcrands. The part 52 is shown 
mounted on the housing 5G using, a rotating ^seal of 
the type disclosed in U.S. Fatont No.- 4i440,723 so 
that the relative orientation of the ujp'per asserhbly 
can be adjusted relative' to the housing 50; how- 
ever, a fixed joint m^y be used instead of the^ 
rotating seal. . ^ ' : ; ■ . ' 



^ As shown in Rg. 2, th ■ blood, inlet portion 30 is 
formed by part 56 which has tangential venous 
. inlet ^connector 62 and tangential cardotomy inlet 
; connector 64. Venous sampling ports,:66 and 68 
5 are provided on the connectprs 62. arid 64, and a 
venous temperature probe .70 is provided on the 
, connector 62. The inlets 62 and- 64 open tangen- 
'tially. into ., an iiilet chamber; 72. Rg, 1, which com- 
. omunicates with a bottom annular opening^74 de- 
70 fined; by parts. 54 and 60. The part BO Js mout^d on 
center projection 76, extencjing: 'downward from 
.I'.tbe top . of part 56, :vand has iajdpwwardlyr and 
it outwardly, flaring skirt porttop; 77 which ^-tha upper 
endv^ cjefines ;the! inne^^ ^dge ; Qf the; anriuj^r . opening 
75 74. As more particuleriyoriisqlosed M5U^:S..,^ 
; Application .No.%565i236j)fi!e^J, December 27. 1983, 
:o^e skirt portiorrrc77 terminates.^in ,a (dpvynward or 
;:veiiicalcyl!ndricalcportion TS iWhichiexte^^ the 
,^ :top- center-of :.the^surfaee.Qf ,the?:ty^te^ the 
20 first: convolution 32 of:^the/COil::28;' Jhe:part 54 has 
can inner upward flaring. flange 79, defining the outer 
, ' J edge of Jhe annular, opening; 74. and lextends^ out- 
/.wardiy and downwardly, to .a vertical cylindrical 
; portion 81 whidh cooperates with the vertical cyfin- 
25L ,driGaI portion 78v of. the .member 60 for ^forming a 
narrow.; annular opening 80;n approximately,';'.050 
inch- (1.3 mm;) wide, to provide, arfiimrlike s flow 
which will follow the downward extending , cylin- 
drical portion 78 of member 60 to tha^top convolu- 
30 tion' 32 of the coU 28. i 

As an; alternative to the skirt distribution for ttie 
incoming^ bioodflow, a plate (not shown) with a 
> circle of holes disposed over the top coil convolu- 
ntion could be employed.;, : ^ 
35 The upper member '58' includes a^rther auxil- 
: idary venous btood inlet:connector,82; Rg;2. which 
1.. r:is . tangential with; chamber 84. Bg. 1 r The chamber 
.V y84^opens ■:at^ the* bottom end . through projection 76 
: : into cthe center '-of ^the heating ^ coil 28: An auxiliary 
40 venous port 86 is formed in "the center -of the 
;oTnember'58:^i - r /k.'. - .. f> 

- The V cover :r part 52 is provided?; with .a raised 

- : portion 88 in which is. mounted a venous reservoir 
gas vent 90 for providing an exhaust from the 

45: reservoir to remove gas which is carried or evolves 
bfcomrthe blood flow input. c . ■ ,^ 
s The heat exchanger coir 28 is a coiled,=fsmooth 
^L iiialuminum heat exchanger -tul>e which has respec- 
- tiye inlet and outlet sectionsc92 and 94 secured by 

50*^ . appropriate mating openings in^ the. parts 52, 54 

- * and 60. .Th outer surface of. the aluminum coil 28 

ris preferably anodized and/or » coated , with a com- 
mercial urethane-based, biocoat. Alternatively, the 
coil 28 may ibe stainlessrsteel, convoluted; bel- 
55 lowed, fluted, or otherwise formed with an extended 
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surface. The coil coating is optional or may be an 
epoxy or other thin coating of bibcompatible ma- 
terial applied by a suitable technique such as elec- 
trostatic powder coating. 

The cover part 52 of the iBrnbodiment of Fig. 1 
includes a downward extending support 96 for re- 
taining the coil centrally within the upper unit* 20. In 
a further preferred embodiment illustrated in Rgs. 
7-9, the support member 96 of Fig. l is eliminated 

. and the coll 28 is retained' by 4 cyiihclricat grid 

^ structure 98 utilized' to support the defoamer 26 
centrally withiri the unit 20. Tlh^'grid strui^^^ is 
mounted at its upper end on a downward extending 
^cylindrical lip 99; of tfte cover p^ 
exchanger coH 28.has' ho inner' waJfand^or^ 
rriarsupport.'from'^t^^^ or 
grid' 98. Rg.*5, to KoId it veft^^^ is 
positioned 'in the upper mernber 2p"with ail bf its 
convolutions, 32' an'ajiged verticaify for en the 
fiimMike bidoff flow to cascade 'dow^ the 
' cdnvblutions. '. * ' ,^ ' ' 

As 'shown iri Figis? 7. 8 and 9, one' preferred 
' blood/gais separation system or defoamer 26?which 
is desicribed in more detail in U.d! Patent Applica- 

' tioh Serial No! 885,963/^fiied'qn 'evl^n date here^- 
with, for; "Liquid and Gas Separation System" by 
Liicas S. Gordon, includes a cup-shaped screen 
member 100 interposed betweeh'the lower portion 
of inner and outer cup-shaped' porous inembers 
102 and 106. The members 100. 102 and 106 are 
contained within a sock 108 secured at its upper 
end to the lip 99 by a nylon cable tie 110 above an 
upper flange 109 of the grid '98 to secure the 
defoamer on the cylindrical grid' 98.' "The 'screen 
100; which is made of a suitable bbcom^^ 
plastic" material such as woven pblyesti^'^having a 
pore size in ^ttie ' range '46^106 'micros 
50 microns, extends about thre^f-fourth's "of the 

' height of the defoamer and is secured by a nylon 
cable tie 'HV just^abbv^' a^flange' fl3 on 'the grid' 
98- The screeii cian 'be coated wlth' aheparin 'com- 
piex. The members 102 and '106 are preferably 
open-celled polyurethane but dould'altbmateiy be 
polypropylene woven mesh' or some other large 
pore, large surfece area materials. The inner mem-* 

' ber 102» having a thickness of about one-half inch 
(1.3 cm.), has a pore size in the general range of 
20 to 120 pores per' inch, preferabiy in the range of 
80 to lib pores peV inch, and especially prefen-ed, 
of about 100 pores per inch. The upper piprtion 

^ 104, approximately upper one-fourth as shown by 
the heavier stippling, of niemb r 102 is coated with 
a conventional silicone antifoam compound. The 
outer mertiber 106, having a thickness* of about 
one-eighth inch (0.3 cm.), has a pore size prefer- 

' ably in the range from 15' to 25 pores per inch and 
especially preferred of about 15^ pores per inch. 
The sock 108 can* be, for example, a knit sock 



having f'a pbrie siz in* the range of -40' to 500 

micrbnsV"' preferably, 'a 'kfiit sock of polyester ma- 
' ' teriai with a"*por&'' sizb of " approximately 200 
' microns. * ' 
5 The venous reservoir 50 is designed-to hold 

sufficiently large volumes of blood to handle nor- 
^* ' *mal fluctuations in flow returning from the patient 

trie bottom bf'the reservoir 50 is formed'with an 

* inclined surface' 112, Fig. 1, leading' to' the butiet 
70 ' cbMectbr 35' for 'enabling' sustantiaily all of the 

' blobd'to'be drained from the' reservoir. Flanges 114 
" ' W)itending* downward from the reservbir 50 are suit- 
^ ably ' Vecured in 'mating grooves of the lower oxy- 
' genation module 22 to form the two units into an 
75 integral stnjcture. 

/-The b)tygenation' unit 22 includes a molded 
' Vertibaftubular housing 120 and upper* arid lower 
'^^^ seals '122* 124 closing the repsective upper 
and lower ends of the tubular housing 120 to form 

* a chamber' 126 for- receiving oxygen' from inlet 
' ' "^ connector 42 iri tiie housing 120 and discharging 

gas through tiie gas outlet 44 formed in the hous- 
ing 1'20. A multiplicity of hollow membrane fibers 
^ ^ 12)8 extend ' through the chamber 126 and have 
25 ^ upper ends secured in Bie seal 122 and lower ends 

- ' secured in the seal 124 with the ends of the hollow 
"^fibers "being open to the dirtside of the respective 

' seals l'22^and 124. The seals 122' and 124 are 
formed from a suitable fiber sealant such as-poly- 
30' ^ liVetharie"' adhesive. The hollow Wbers are conven- 
tional polypropylene, polyethylene or other hydro- 
phobic microporous plastic or siiicohe fit>ers.- The 

- - number and size of* the hollow menibranc fibers 

are selected to handle the normal blood flow of the 
35 "'patient with a- rriinimufn* pressure ;^d^ For fibers 
' - having an internal diameter of about 200 microns 
' - ^d an outside diameter of approximately 250 
" ^ microns with a' wall pore size within 'the reiige^from 
' - abdirt O;01 '10 *0.2 microns, the nuriiber of fibers is 
40 'in the- range frbm 10.000 to 100.000. For ekainple, 
' ' a'^pediatnc unit for handling blood flow, which in a 
pediatric patient can be 3 liters ^)er minute, has 
' 'dboixt 41,000 hollow fibers, and -an adult" unit, for 
' ' handling up to 7 liters of blood flow per minute, has 
45' 71 ,000 hollow fibers: 

' ■ ■ A' molded cap 130 is secured on the upper end 
^of the tubular hdu'sirig 120 by a retaining ring 132 

- with a silicone Oring 134- sealing the peripheral of 
the cap against the'^seal 122. The cap 130 forms a 

50 - biobd inlet' chamber 136 into which the blood inlet 
40, Rgs. 3 and 5. opens. A vent-port 138*is formed 
at the'^highest point in the center top^'of the cap 
• 136t The c^ 130 has a generally vertical cylin- 
drical center portion 137 and a bottom portion 139 

55 * which flareis outward and downward from the cylin- 
drical center portion so as to distribute tile blood 

- flow over tiie flat upper surface of the seal 122 and 
the opening's of the hollow fibers '128 therein. The 
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inlet -40 opens tangentially along a horizontal plane 

. Into the cylindrical center .^porfion^ 
eter of the cylindrica! poriion rela- 
tive to the incoming flow, snriall enough to produce 
a srririing blood velocity in. chamber 136 sufficient^ 
to dislodge- air bubbles foirned at the outer edges 
of the. chamber, but large^ enough to avoid forming 
a vortex which exposes the open upper ends of the 
membrane fibers in the center to air or gas in the 
uppjsr portion of the chamber 136; Ad^tionaliy, th? 
diameter of po'tiQnt 137 ?s selected- to g^erate 
centrifugal forces in the blood^swiri in chfmb^ir 136 
sufficient to substantially , assist the normal gas 
buoyancy to causp any gas^ bubbles in the -bipod to 
rise to the top center. . , 

An outlet cap 140 is secured , on ,ttfe bottom 

' end of the tubular housing 420 i^^^ ring 
142 witfi:^ silicone Orihg 1M scaling the^^j^^ 
of the cap 140 againjrt.fte outer, peripheiy^.,^^ the 
flat lo^er surface of the seaiv124....Jhe. cap 140 
forms an. outlet chamber 146 which iSsrelatively thin 
or narrow in vertical dimension and tap^Sr from 
about 0 vertical thickness at th^ right side in Fig. 1 
to about 0.1 inch (25 mm.) at; the left, sid^^^ The 
main blood outlet 46, Fig, 4, is nnounted on the cap 

. 140 and opens into the . largest portionipf , the cham- 
ber 146 on the left side. The outlet chamt)er. 146 is 
forriiod relatively thin tp produqe a relatively high 

, velocity in ;priming or bipod flpw^ but below a 

.velocity which would induce stress in the biood, to 
easily dislodge air during priming and m^ntain the 
outlet: charnber 146 free of gas. Generally, the 

. CTQSS-section of the, chamber 14^ taken -ajpng a 

- vertical plane vvhich bisepts.the chamber 146, as 
shojw in Frig;, 1 , has a cross-^sectionalari^a.which is 
In the, range from about 0.5 tQ 2^0 times th^^ 
sectional area of the jnside diarneter of the^outlet 

> 46. An auxiliary , arterial outlet ^connector l ^; is also 
mounted on , the ..bottom cap :140^^in cqpinTiunication 
with the outlet ,phamber 146. ; A. tenripe^^^ 

, 150 and a vent witb;,a_luer cap .t52:2u'e foTO^^ on 
the outlet connector 46. - . i -,; .?rL r: 

The various remolded plastic parts, such. ^ the 
reservoir shell 50. covei; parts 52, 54,^ 5S;.,58 and 
60, tubular housing 120, upper;and Jower^ caps 130, 
and 140 and the rataJning rings 132 and 142 are 
made from a clear polymer material such as poly- 
carbonate, acrylic, ABSi SAN. :j9tc. Where; appro- 
priate, various parts, such :as the, receptacle shell 
50, cover parts 52, 54. 56.-i58 and 60. caps 130, 
and 140, m mbran fibers-128, Sj9als .l22 and 124. 
etc., may be coated -with a conventional anti-tiirom- 

, bogeniq material to avoid- forming clots in the blood 
being processed. . " - ; ^ 

. In priming, of th&. oxygenator, priming fluid, 
such as the patient'Subippd -or other compatible 
fluids is fed Into the injet facility, for example, 
tiirough main inlet connector 62 or through any 



. otiier of tiie inlet connectors 64, 82 or ports 66, 68 
'' V and 86..Th6 priming fluid after cascading down the 
heating coils 28 or being poured directly through 
the inlet 76 into the center, passes through^ the 
5. . defpamer 26 and into the bottom of the reservoir 
50 whens/the priming fluid is fed tiirough connector 
36 to the pump 38. VVhen the pump 38 is primed 
jtlTB priming fluid then passes into inlet connector 
40 into the inlet charnber 136 of the oxygenation 
70 ,? module 22. Adt will be exhausted frorn the chamber 
' 136 through vent 138 which, for example, may be 
. connected to. inte^ connector 82jp. pass any gas 
\ ;^"j\qYf back jntt)^ the ..center of; the: (Jefoaming cup 
, ' suph thaf eJf '^within ^^^^ 2Q i:Sj discharged 
75 , V .ttl'^R^Q*^ "pp!^ T!^® ' swirling^ lof ' the ' fluid 

, .prt)ducecl in,..cha^ inlet 
*. - ;quickly.dislodgej^^^ periph- 
:IjBral pf/th^ cap 130 and, due to .buoyancy 

, , .and centrifugal.;f6rces, m^ dislodged air 

20- ^bi^bles into the upper center Region of the cham- 
ber 136 for discharge through vent, J38. Riiid in 
chamber 136 pas;;ses through the lumens of th 
J '\ Jioliow. membrane fibers 123 into ttie outlet cham- 
. ber 146. ,With^ chamber 146 haying relatively 
25. ,small volume, /the Jncorning fluid flow through th 
hollow fi^^^ displaces ail of the air, 

drifying .air out of the . blood outlet '46. The initial.flow 
of output.fluld may be either passed back into tiie 
inlet faciHity 30, of the upper memt>er 20 or other- 
30 . wise utilized or discarded as may be appropriate. 
v then Hie oxygenator is connected for normal op- 
eration. - ; ^ 

. The.pre.5ent oxygenator requires a ^^relatively 
.small amount pf priming fluid compared to existing 
35 > membranertype blood oxygenators. Air bubbles in- 
cluding small .entrain^, air bubbles in the . Incoming 
..^p^ming fluid are' removed initially by tine, def earner 
j ;i 26. .After the pump. 38 is primed the construction of 
,/tifve oxygenator* 22 .enk>ies rapid and efftcierit di- 
40;,- scharge of air from the blood flow passage, thereth- 
.rough , without requiring a large volume^ flow of 
I . .priming, fluid. Since the pressure within, the cham- 
ber 136 will be greatec th^n the pressure ..with the 
, . . upper unit 20i air, distodged.by the swirling move- 
45, . mjBnt and carried to the . top...center. by buoyance 
end the centrifugal forces on the prinriing^fiuid .with- 
. in the chamber 136,. will be withdrawh from the 
chamber 136 . through vent 138 and into the upper 
unit 24 to Insure, .that air is rapidly removed from 
50 the chamber 136 to avoid the ,phance . of being 
incorporated in bubbles passing to a patient. . 

In npnnnal operation of the Wood oxyg riator, 
the vertous, blood flow is applied through the main 
blood inlet 62 into chamber 72 wher the swirling 
55 of the incoming blood created by the tangential 
entry results In even distribution of the blood ar- 
ound the annular opening, 74. Blood flow follows 
the skirt 70 and, is evenly dispensed through the 
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narrow opening into a film-like flow directed to tlie 
top center of the tube forming the first Convolution 
32 of the coil 28. This film-like flow then follows the 
convolutions of the coils 28 downwalrd, cascading 
from one convolution to tfie next, untif-the blood 
reaches the pool of blood in the reservoir- or flows 
from the bottom convolution. - = • * 

The reservoir does not have to be full,- or the 
coil 28 does not have to be immersed in order to 
provide for* efficient heating ofv the' blood 'flow. 
When the reservoir level is low, the film^ike'''flow 
over the outer surfaces' of ^the-coir dohvdlutiions 

' produces' efficierit" heating -of the^ bIbbcirand'When 
the reservoir is high, heating is' performed by the 
film f low over the upper convolutions '^^^ by ^ 

the immersion* oPthe lower Convolutions in the pool 

;0f blood:- ^ • ^ .oni 

-The blood must pass-through the diefoan^dr 26 
to reach the outlet 36 of the Teservoir.^' Thus; any 
bubbles' which are created' by lowering iarid raising 

-the level of blood'- on the coils,* i.e.- air^ trapped 
between corivolutibhs 'cah^generate bubbies,^1s ef- 
fiectively'removedL • ' • ' : -^ ^ ^ ) - ' 

Normal blood' ^fl6w bccur;s thfoiJgK the Mower 
pbrtidh of the defoamer which does not contain the 

' silicone coating tb^ thus avoid possible' Ihclusion of 
the coating rinateriarih the blood^returningno the 
patient In the event of increaised gaseous content 
in the Incoming blobd flow, tfie blood foam height 
can reach the upper portion 104 of the defoamen 
where the silfcone coating effecitvely speeds up 
the removal of air bubbles from the blood. * - 

The design of thb" cap 130 aiftd 'ihlet chamber 
136 with the tangential entrance of blood rflbw, in 

• addition 'fo providing forces^ which supplement the.: 
buoyancy of any air bubbles which may have -been 
introduced^into^the blood' in border to JcoJIect the air 
bubbles at the center topmost portion' of th^tcham- 
•bei' 136^' provides saffety -ihc tJ»e -:bvent-that the 
reservoir 24' runs diy: VWth-itheopressuretrin the) 
chambeir 136" being greater,' du^rto the ^pump 38. 
than in the unit- 24. gas will b^ 'diischarged through 
vent '138 back into- the unit •24.Mta the- evfent that the 
reservoir' 24 runs dry and the" pump 38 begins 
pumping air info the chanrtber 136, all of thaair can* 
be expelled from* the chamber 136 through the vent 
138 to avoid pumping air to the patient bf^ 

In Rg. 6, there is showaa modified oxygenator 
unit 222 which may be an altemativie tor the* unit 22 
of Fig. 1. In the unit - 222, the - gas flow passes 

•through the lumens of the hollow fibers 128 and the 
blood flow is around the outside' of the membrane 
fibers. In this embodimiehtthe hollow fibers 128 are 
wound or positioned in an annuius, with upper and 
lower ends of the fibers secured in the seals 122 
and 124, about ^'a perforated center tube 224 into 
which ttie blood inlet chamber '136 opens. A distri- 
butor member 226 'is' nrtounted within the tube 224 



' for' directing 'the blood flow outward through the 
perforated tube 224 -and space between fibers 128 
into an annular space 228 outside of the annular 
'fiber mat 128 where the. blood flow then proceeds 
5 ' to blood dutleit 46 which; communiciates with the 

* - bottom of chamber 228. Oxygen is emitted through 
^• oxygen inlet 42 Into upper.gas chaimber 230 where 
; the -oxygen *enters.:the lumens of the hollow fibers 

'128 and passes tiierethrough to the bottom icham- 
70 i< ber' 232 ''from' which .the gas is exhausted through 
gas outlet 44. :. - 

n;. :. THer- above embodiment has the oxygenator 
T uniti22 or 222 mounted on the bottom of the upper 
reservoir unit 20. These .units 22 and 20, or 222 
75' and 20rcould be independent and unattached. 
. . n - .Other incoming blood , flow . arrangements are 
also '.possible., The blood .inlet flow could flow into 
-n^the top, -down*a tube (not shown) to the bottom of 
the heat ^exchanger, up -over the heat exchanger 
20 ? ;and spill over into 'the i defoamerii The blood inlet 
if^v could also go:- directly intO:ihe bottom of the reser- 
j^^vpir housing. through;the djefoameri up over the 
; nheat -iexchanger coil and spill overHnto the de- 
■'. 'foamenr . -^i ^ : ; ■ ; - 

25 . ■ ^ ; Many • modific^ons, variations . and changes in 
J .detail may be made to : the above-described em- 
bodiments without: departing from thr, scope and 
spirit of the invention as defined in the following 
cisums. \ 

30: : . - . / • . . • . . 

daims / f 

pt :- - 1. A yoodoxygenator comprising ' 
35 . i; an * upper *^bowl-Hke c housing having a ,bott with 
' coblood*' outlet means and : a top with blood inlet 
1, means/: . = ; 

- :i said upper housing . forming a receptacle for ^accu- 
mulating vaiyihg amounts of venous bloodi 
40.^ :^a.heatr.exchahger, cotl mounted within the housing 

• rand' having a -piurafrty.Qf , vertically arranged con- 
\M.ivolutions,iOi';.^. y-'^"-, 

said upper housing , inlet means including means 
^ r for ;directingi incoming blood flow over the, convolu- 
45-. Hons jof the heat exchanger coil, 

. .a:def6amen'mounted."within the upper housing and 
interposed between tha heat exchanger and the 
upper housing outlet to remove, air bubbles in the 
blood passing to the upper housing outlet 
50 a- lower ^housing mounted on the bottom of the 
^ upper housing, 

gastpermeable^s: liquid-impermeable membrane 
means.. mounted in the lower housing and forming 
. . separate blood and gas. flow paths, and 
55 . said lower housing shaving blQpd inlet means and 
blood outlet means communicating with respective 
opposite ends of the blood flow path, and having 
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gas inlet means and gas outlet means communicat- 
ing with respective opposite ends, of >the gas flow 
path. ' ' V ■ .r.-v^/i '-j^ '.'f,. 

■ 2. A blood oxyigenator- as claimed in claim 1 
wherein -the gasrpemieable and liquid-impermeable = 
membrane means includes a plurality - of hollow 
membrane fibers providing at least a portion of one 
of the blood flow path or gas; flow path through 
lumens of the hollow fibers and .meahs providing 
the other path around the >outsides of:;the mem- , t 
brane fibers. ^ > ; 

' ;3. A blood oxygenator as elaimedrjn claim 1 
wherein the lower housing includes^d tubular, mem- 
ber having a vertical axis, and upper :and ; lower 
caps secured on th^ respective upper and .lower ^ 
ends of the tubular housing and defining; respective 
blood inlet and outlet chamben5; .and. wherein the 
gas-pemheable and liquid-fitipermeable membrane 
means include a* plurality of hollow . membrane fi- 
bers extending vertically , within the housing, -and 
upper and lower seasis closing the upper and lower 
ends of the cylindrical housing and securing the 
hollow membrane fibers^ adjacent to their Tesf5ec- 
tive ends such that upper ends of the hollow;.mem- 
branie fibers open into the inlet chamber fomned by. 
the upper cap and lower ends of the membrane 
fibers into the outlet chamber- defined by ttie lower 
cap. ^ 

4. A blood oxygenator as claimed in claim 1 
wherein the lower housing includes a tubular mem- 
ber having a vertical axis, the blood inlet means is 
mounted on the upper end of the tubular housing 
and includes a cylindrical inlet chamber with a 
vertical axis and means for -directing incoming 
blood in a horizontal streiam tangentially* into the . 
inlet chamber to produce circular flow of the blood 
in the inlet chamber such that gas bubbles are 
dislodged from edges of thev inlet chamber .and are 
urged by -buoyancy and centrifugal forces to an 
upper center region of the' inlet chamber; and.^aid 
-blood oxygenator includes vent- means commu- 
nicating with the upper center region- of the inlet 
chamber tor discharging gas; ^ ; ^ ' : v 

5i A blood oxygenator as claimed -rriVclaim 3 
wherein the outlet chamber has' a vertical cross-' 
-section area selected to ^fnaintain a 'blood flow * 
velocity fast enough to discharge:^ ali air from the 
outlet chambei- during priming but slow enough to 
avoid blood cell trauma, i ^ ' - ^ " : - 

6. A blood oxygenator as, claimed in . claim 5: 
wherein the blood outlet means ' includiss a blood 
• outlet connector, and the verticad cross-section area 
of the outlet chamber taken in' a vertical plane 
bisecting the outlet chamber is in the range from 
about 0.5 to 2.0 times the cross-section area of the 
inside diameter of the outlet connector. 



r.. ' .7., A blood oxygenator comprising . 
a tubular housing having a vertical axis, 
. gas-permeable and liquid-impermeable membrane 
means mounted in the tubular housing and forming 
5 ^ separate^blood and gas flow paths, 

blood inlet means mounted on the upper end of the 
tubular housing and. communicating, with one end 
of th^.blpod flow path., 

bipod outlet means mounted on the housing and 
70 -v communicating with the other end of the blood flow 

V - gasjn!et;means:and gas outlet means mouritjBd on 
, ;ithe. housing and communicating respective 

• opposite ends of the gas floy;^;path, ' V ,v;',^ ' 
76, XI said blood Jniet, means Jnpludin^ a cylindrical inlet 
c pbamber/witb.. a yerjical: ajdsiand ;rneans,for direct- 
ing incoming blood in a horizontal streann .teuigen- 
tiaSJy into the inlet-chamber to produce circular flow 
V . : ot blood Jn the. inlet cl^annber, such tiiat gas bubbles 
20 ' : er©:cii$)odged frorn edges of therinlet chai^ber and 
\v are, urged by buoyancy arid centrifugal fo^ an 
} upper center region of the inlet chamber/' and . 

vent means for discharging j gas fronn,,the upper 
: , penter region of Itie inlet chan^ber. ; . r.; * 
25 : . .8,^A blood oxygenator as claimed .in claim 7 
wherein the, gas-pernrieable'and jiquid-impermeable 
' mernbrane means includes a ^plurality of hollow 
- membrane fibers extending vertically :Within the 
. housing, and upper, and lower seals closing the 
30- respective upper and lower ends of the tubular 
housing and . securing the hpllpw. membrane fibers 
adjacent their respective, ends such that upper 
ends of the hollow membrane fibers communicate 
, with: the blood inlet chamber;. and wherein said 
35; \ blood * inlet means includes lower inlet chamber 
means which flares outward *.^d downw^d from 
: the cylindrical inlet chamber to extend, over the 
= vupper seal.v : > , , . . 

.r " v . 9/ A . blood oxygenator as claimed, in claim 7 
40 u wherein the, gas-permeable and Jiquid-impermeable 
v-: membrane.means includes a plurality= of .hollow 
'V membrane .fibers extending vertically within the 
^ ' housing,' and upper and Jower seals closing the 
.respective upper and lower ends; of the tubular 
45 housing and securing the hplipw,menribrane fibers 
: ■ adjacent: their; res|:)ective ends : such . that upper 
ends of the hollow membrane' fibers communicate 
Vfith ,the blood inlet chamber; and wherein the 
blood outlet means is. mounted on the bottom of 
50: the tubular housing and includes an outlet chamber 
r having, a v rtical cross-section area which main- 
tains a blood flow velocity fast enough to discharg 
' ail air therefrom during, priming,: but slow enough to 
avoid blood ,cen trauma./ ^ 
55 10. A blood comprising , , 

a tubular housing having a vertical axis, 
a plurality of. hollow membrane fiber^ extending 
vertically within the., housing, said fibers having 
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walls which are permeable to gas and impermeable^i^ 
to liquid and solid blood components, rT ,>^- 

upper and lower seals closing the respective upper • 
and lower ends of the tubular housing and securing /;<^ 
the hollow membrane fibers adjacent-their.respec- J r" 5 
tive ends such that the ends of the hollow rTtem-1"'j 
brane fibers open to the outside of the -seals-and ^\ 
such that a gas exchange chamber with the hollow 7 - ]■ 
fibers extending therethrough is defined within the y . 
housing between thaseals,^ . . .^-^ \ 

gas inlet and outlet means enabling an oxygen M ^^,,, 
containing gas flow through, /tiie!- gas exchange ^ : 
chamber around the membrane ;fibers.^ ; , ^ • - * 
upper and lower caps secured; on the respective 
upper and lower ends of ,the'tiubuj^^^rtousing- and ' t Irs 
defining respective>;blood rplet < and /putlet cham- . : — 
bars, said upper and lower caps' including respec- ^ 
tive blood inlet means and blood putjet means for^ . " 
directing blood flow through the inlet chamber, the ; ' - 
lumens of the hollow . membrane vfibiers and the* ^ 20 
outlet chamber, and , } — ' \ ^ ^ 

said outlet chamber havihg'siverticar cross-section : . 
area which maintains a blood flow veloci^ fast' . 
enough to discharge all air therefrom, during prim- , ; 
ing but slow enough to avoid blood celf trauma, • 25 , 

11. A blood oxygenator as claimed ip elairfi 10 / 
wherein the lower cap includes an outlet connector* - - - 
communicating with the outlet charriber, and said 
outlet chamber has a vertical . cross-section area 
taken in a vertical plane bisecting the. outlet cham- 30 
ber and which is in the range from about 0.5 to 2.0 
times the cross-section area of the .inside, diameter^ 
of the outlet connector. . , 
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